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(57)  Provided is a wind power generation apparatus
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tioned on an outside of a tip opening portion of the blade
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tip opening portion. A fastening unit that fastens the blade
inner portion and the blade body is provided. A portion
of the blade inner portion of the receptor on which the
fastening unit is mounted is formed in a block shape so
as to cover the fastening unit in alength direction thereof.
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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The present invention relates to a wind power
generation apparatus and, more particularly, relates to a
wind power generation apparatus provided with a light-
ning receiving section (tip receptor) in a tip of the blade.

BACKGROUND ART

[0002] A wind power generation apparatus has an ex-
tremely significant risk of undergoing lightning strikes be-
cause of the height thereof, and countermeasures
against lightning strikes are considered to be important
issues. In particular, if a wind turbine is increased in size,
since the percentage of lightning damage to a blade is
increased, countermeasures against the lightning strikes
of the blade are important. Therefore, the countermeas-
ures against the lightning strikes for preventing the light-
ning strike are performed to the blade by providing a light-
ning receiving section (tip receptor) in a tip of the blade
in addition to the receptor.

[0003] A current duration time may be long, and a
charge amountmay be large in lightning (winter lightning)
in winter among lightning. A lightning current of substan-
tially 1,000 Coulombs exceeding a lightning protection
level, which is defined by IEC standards, may be ob-
served in the blade due to a lightning strike. Thus, if the
measurement of the lightning strike equal to or greater
than 1,000 Coulombs that is actually observed is per-
formed, it is possible to suppress blade damage occur-
ring due to winter lightning and also to improve an oper-
ation rate of the wind power generation apparatus.
[0004] For lightning having a large charge amount, in
order not to cause melting, hole opening, and the like to
occur, even when the tip receptor receives the lightning
strike, it is preferable that a solid receptor is employed
among the tip receptors. In addition, from the viewpoint
of preventing the lightning strike to the blades other than
the receptor by generating the lightning strike in the re-
ceptor, the solid receptor easily collects electrons and
has effects greater than those of a hollow receptor. Here,
a wind turbine blade, in which a receptor is mounted on
a tip of the blade, is described, for example, in JP-A-
2011-163132. In addition, the wind turbine blade, in
which a hollow receptor is mounted on a tip of the blade,
is described, for example, in WO 2013/084634 A1.
[0005] Mounting of the tip receptor on the blade is per-
formed by providing an anchor section in a lightning re-
ceiving section and fixing the anchor section to the tip of
the blade in JP-A-2011-163132. In addition, a tip of the
anchor section has a tapered shape of which a width is
increased toward the tip, the tip is locked to a locking
clearance provided in the blade, bonding is performed
by adhesive, and then the anchor section is reliably fixed
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to the blade.

[0006] In WO 2013/084634 A1, the solid receptor is
not mounted on the blade, but fiber reinforced plastic is
fastened to a metal receptor with a bolt in a state where
the fiber reinforced plastic forming at least a part of a
blade body is at least overlapped with the metal receptor
forming the tip of the blade.

[0007] The tip receptor receives a centrifugal force ac-
cording to rotation of the blade. Since the solid receptor
is heavier than the hollow receptor and receives a greater
centrifugal force, it is important to reliably mount the tip
receptor on the blade. In the related art, for example, as
described in JP-A-2011-163132, mounting of the tip re-
ceptor on the blade is performed by using a locking struc-
ture in compliance with shapes of the tip receptor and
the tip of the blade or as described in WO 2013/084634
A1, the mounting is performed by using a fastening unit
such as the bolt. In the mounting by the locking structure
as described in JP-A-2011-163132, in order to perform
reliably fixing, adhesive is used and combination of the
fastening unit such as the bolt is not performed.

[0008] If mounting is performed by using the fastening
unitsuch as the bolt, itis also assumed that a head portion
of the bolt become detached due to the lightning strike
in the head portion of the bolt. In the mounting by the
locking structure in compliance with the shapes of the tip
receptor and the tip of the blade, since utilization of the
fastening unit such as the bolt is basically not necessary,
a problem of damage of the fastening unit such as the
bolt does not occur.

[0009] However, according to study of the inventors of
the present the invention, also in the mounting by the
locking structure in compliance with the shapes of the tip
receptor and the tip of the blade, fixing of the tip receptor
to the blade is deteriorated due to the lightning strike and
the tip receptor may be fallen out from the tip of the blade
(moreover, in the technique field, falling-off of the tip re-
ceptor due to the lightning strike is often referred to as
scattering of the tip receptor). If the damage of the blade
such as scattering of the tip receptor occurs due to the
lightning strike to the tip receptor, it requires a large
amount of time and costs to blade repair and it may cause
a significant loss in the costs.

SUMMARY OF THE INVENTION

[0010] An object of the invention is to provide a wind
turbine blade and a wind power generation apparatus, in
which scattering of a tip receptor due to a lightning strike
can be suppressed in a wind power generation appara-
tus, including the wind turbine blade in which fixing of the
tip receptor to a tip of the blade is performed by using a
locking structure in compliance with shapes of the tip
receptor, and an opening section of the tip of the blade.
[0011] According to an aspect of the invention, there
is provided a wind power generation apparatus including
awind turbine blade that has a blade body and a receptor
mounted on a blade body tip. The receptor includes a
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solid blade outer portion that is positioned on an outside
of the blade body tip opening portion and a blade inner
portion that is positioned on an inside of the tip opening
portion. The blade inner portion includes a portion of
which a size in a width direction or a thickness direction
is greater than a size of an inner wall of the blade tip
opening portion in the width direction or the thickness
direction. An internal conductor that is connected to the
receptor is provided on the inside of the blade tip opening
portion. A fastening unit that fastens the blade inner por-
tion and the blade body is provided. A portion of the blade
inner portion of the receptor on which the fastening unit
is mounted is formed in a block shape so as to cover the
fastening unit in a length direction.

[0012] According to the invention, in the wind turbine
blade and the wind power generation apparatus using
the wind turbine blade in which fixing of the tip receptor
to the blade tip is performed by a locking structure in
compliance with the shapes of the tip receptor and the
blade tip opening portion, itis possible to effectively sup-
press scattering of the tip receptor due to the lightning
strike.

[0013] Problems, configurations, and effects other
than the above description will become apparent from
the following description of embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is an explanatoryview illustrating a configura-
tion of a wind power generation apparatus (horizon-
tal axis wind turbine) to which the invention is applied.
Fig. 2 is a schematic view of a blade illustrating a
configuration example of a wind turbine blade to
which the invention is applied.

Fig. 3 is an enlarged view of a tip portion of the wind
turbine blade according to an example of the inven-
tion and is a view illustrating a structure in which a
tip receptor is mounted on a blade tip.

Fig. 4 is an enlarged sectional view of the tip portion
of the wind turbine blade according to an example
of the invention and is a sectional view that is taken
along arrow line 1V-IV in Fig. 3.

Fig. 5 is a sectional view of a fastening member that
is used for fixing the tip receptor of the wind turbine
blade in an example of the invention.

Fig. 6 is an enlarged sectional view of the tip portion
of the wind turbine blade according to the example
illustrated in Fig. Fig. 4 of the invention and is a sec-
tional view that is taken along arrow line VI-VI in Fig.
3.

Fig. 7 is an enlarged sectional view of the tip portion
of the wind turbine blade according to the example
illustrated in Fig. 4 of the invention and is a sectional
view that is taken along arrow line IV-IV in Fig. 3 in
a state where a head portion of a fastening member
is removed.

10

15

20

25

30

35

40

45

50

55

Fig. 8 is an enlarged sectional view of a tip portion
of awind turbine blade according to another example
of the invention and is a sectional view that is taken
along arrow line IV-IV in Fig. 3.

Fig. 9 is an enlarged sectional view of a tip portion
of a wind turbine blade according to still another ex-
ample of the invention and is a sectional view that is
taken along arrow line IV-1V in Fig. 3.

Fig. 10 is an enlarged sectional view of the tip portion
of the wind turbine blade according to the example
illustrated in Fig. 9 of the invention and is a sectional
view that is taken along arrow line VI-VI in Fig. 3.
Fig. 11 is an enlarged sectional view of a tip portion
of a wind turbine blade according to still another ex-
ample of the invention and is a sectional view that is
taken along arrow line IV-1V in Fig. 3.

Fig. 12 is an enlarged sectional view of a tip portion
of a wind turbine blade according to still another ex-
ample of the invention and is a schematic view of a
state where an upper surface side of the blade is
removed.

Fig. 13 is a view illustrating a modification example
of Fig. 12.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Hereinafter, examples of the invention will be
described with reference to the drawings in detail.
[0016] First, circumstances to lead to the invention will
be described in detail.

[0017] Asdescribed above, the invention relates to the
wind turbine blade in which fixing of the tip receptor to
the blade tip is performed by using the locking structure
in compliance with the shapes of the tip receptor and the
inner wall of the blade tip opening portion. In the locking
structure in compliance with the shapes of the tip receptor
and the inner wall of the blade tip opening portion, a por-
tion (blade outer portion) in which the tip receptor is po-
sitioned on the outside of the blade tip opening portion
and a portion (blade inner portion) in which the tip recep-
tor is inserted into the inside of the blade tip opening
portion are provided, and the size of the blade inner por-
tion is greater than that of the inner wall of the blade tip
opening portion in the width direction or the thickness
direction. Thus, the tip receptor is prevented from phys-
ically scattering from the blade tip opening portion. In
addition, in such a locking structure, the blade inner por-
tion of the tip receptor and the inner wall of the blade tip
opening portion are further fixed by adhesive, it is possi-
ble to effectively suppress scattering of the tip receptor
from the blade tip opening portion.

[0018] However, if moisture such as condensation wa-
teris present within the blade, the moisture is evaporated
by the lightning, pressure within the blade is increased,
and it is said that the blade becomes damaged. If an
effect of the locking structure of the tip receptor in the
blade tip is considered, it may be estimated that the mois-
ture is evaporated by the lightning, internal pressure is
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increased, and thereby the blade tip opening portion is
opened greater than the size of the blade inner portion
of the tip receptor in the width direction or the thickness
direction. However, even if the blade tip opening portion
is opened, since the inner wall of the blade tip opening
portion and a surface of the blade inner portion of the tip
receptor are fixed by adhesive, itis conceivable that scat-
tering of the tip receptor is effectively suppressed from
the blade tip opening portion. However, it is also estimat-
ed that the adhesive is deteriorated by the lightning strike
and the effect of the adhesive is absent.

[0019] As described above, even if fixing of the tip re-
ceptor to the blade tip is performed by using the locking
structure in compliance with the shapes of the tip receptor
and the blade tip opening portion, and the adhesive, it is
difficult to effectively suppress scattering of the tip recep-
tor if deterioration of the locking structure or the adhesive
due to the lightning strike occurs. The inventors of the
present application perform study whether or not scat-
tering of the tip receptor can be effectively suppressed
even if deterioration of the locking structure or the adhe-
sive due to the lightning strike occurs, based on such
consideration.

[0020] As a result of such consideration, if the tip re-
ceptor and the blade are fixed by the fastening unit such
as the bolt in addition to the locking structure in compli-
ance with the shapes of the tip receptor and the blade
tip opening portion, it is possible to effectively suppress
scattering of the tip receptor from the blade tip opening
portion by the fastening unit such as the bolt, even if the
blade tip opening portion is opened, the locking structure
is deteriorated, and the adhesive is deteriorated due to
the lightning strike. Here, in the invention, the locking
structure in compliance with the shapes of the tip receptor
and the blade tip opening portion is a main fixing unit of
the tip receptor and the fastening unit such as the bolt is
an auxiliary fixing unit of the tip receptor. In other words,
even if the fastening unit such as the bolt is not provided,
itis possible to fix the tip receptor to the blade tip opening
portion by the locking structure in compliance with the
shapes of the tip receptor and the blade tip opening por-
tion. If the fastening unit such as the bolt is the main fixing
unit of the tip receptor, since there is a concern that de-
tachment of the head of the bolt occur due to the lightning
strike, it is conceivable that various considerations are
used as the fixing unit or something is taken into consid-
eration when determining how to configure the tip recep-
tor. However, as the invention, if the fastening unit such
as the bolt is used as the auxiliary fixing unit of the tip
receptor, there is no great hindrance to fixing the tip re-
ceptor, for example, even if the head portion of the bolt
becomes detached. As described above, the invention
can effectively suppress scattering of the tip receptor
even if deterioration of the locking structure or the adhe-
sive due to the lightning strike by simultaneously using
the fastening unit such as the bolt as the auxiliary fixing
unit of the tip receptor and the locking structure in com-
pliance with the shapes of the tip receptor and the blade
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tip opening portion. In addition, in the invention, since the
centrifugal force acting on the tip receptor is also held in
the fastening unit such as the boltin addition to the locking
structure or the adhesive, the centrifugal force acting on
the tip receptor is dispersed and held, and deterioration
suppression of the locking structure or the adhesive can
be expected.

[0021] Next, embodiments of the invention will be de-
scribed. First, a configuration of a horizontal axis wind
turbine 1 including blades 4, to which the invention is
applied, will be described with reference to Figs. 1 and 2.
[0022] As illustrated in Fig. 1, the horizontal axis wind
turbine 1 is configured of a tower 2 that is provided on a
ground, a nacelle 3 that is mounted on a top portion of
the tower 2, the blades 4 that are mounted on a main
shaft (not illustrated) on an inside of the nacelle 3, and
the like. A generator is connected to the main shaft via
a reduction gear and power generation is performed by
the generator based onrotation of the blades 4. The blade
4 is configured to include a hull made of fiber-reinforced
plastic (FRP) and a main girder (not illustrated) that is
disposed on an inside of the hull.

[0023] A receptor (lightning receiving section) is pro-
vided in the blade 4 as a lightning protection device. The
receptor is connected to a grounding electrode by an
internal conductor (down conductor) and the internal con-
ductor causes a lightning current to be quickly conducted
from the receptor to the grounding electrode. In the ex-
ample, a tip receptor 9 that is the lightning receiving sec-
tion is provided in a tip portion of the blade 4. In addition,
an intermediate receptor 16 is provided depending on
the size of the blade. In addition, in the example, the
internal conductor is configured of a grounding lightning
conductor 11, an in-tower lightning conductor 12, an in-
nacelle lightning conductor 13, and an in-blade lightning
conductor 14. In addition, the internal conductor also in-
cludes an internal conductor using a structure (configu-
ration member performing a lightning protection function)
thatis not specially installed for that purpose. The internal
conductor is configured of a material or at a thickness in
consideration of energy (charge amount) of the lightning.
A conductor and the like made of aluminum are used, in
addition to a copper wire.

[0024] In the ground in the vicinity of an installation
portion of the tower 2, as illustrated in Fig. 1, a grounded
metal plate 10 is embedded, as a ground pole, and the
grounding lightning conductor 11 that is a part of the in-
ternal conductor (down conductor) is disposed between
the grounded metal plate 10 and a grounded terminal 2a
of the tower 2. In addition, as illustrated in Fig. 1, the in-
tower lightning conductor 12 that is a part of the internal
conductor is disposed on the inside of the tower 2. A
lower end of in-tower lightning conductor 12 is connected
to the grounded terminal 2a provided in a lower portion
of the tower 2 and then in-tower lightning conductor 12
and the grounded metal plate 10 are electrically connect-
ed to each other. In addition, an upper end of in-tower
lightning conductor 12is connected to the in-nacelle light-
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ning conductor 13 that is a part of the internal conductor
disposed on the inside of the nacelle 3.

[0025] As illustrated in Fig. 1, the in-nacelle lightning
conductor 13 is disposed on the inside of the nacelle 3.
One end of the in-nacelle lightning conductor 13 is con-
nected to in-tower lightning conductor 12 and the other
end of the in-nacelle lightning conductor 13 is connected
to one end of the in-blade lightning conductor 14 that is
a part of the internal conductor disposed on the inside of
the blade 4. The other end of the in-blade lightning con-
ductor 14 is connected to a lightning receiving section 9.
In addition, if the intermediate receptor 16 is provided,
other end of the in-blade lightning conductor 14 is con-
nected to the intermediate receptor 16 in a middle of the
in-blade lightning conductor 14. In addition, as illustrated
in Fig. 1, a lightning rod 5 is provided in a rear portion of
the nacelle 3. The lightning rod 5 is disposed for protect-
ing an anemometer or a vane anemometer from the light-
ning. The lightning rod 5 is also connected to in-tower
lightning conductor 12 via the in-nacelle lightning con-
ductor 13.

[0026] Ifthe lightning strikes the tip receptor 9 provided
in the blade 4 of the horizontal axis wind turbine 1, a
lightning current is induced in the ground successively
through the in-blade lightning conductor 14, the in-na-
celle lightning conductor 13, in-tower lightning conductor
12, the grounding lightning conductor 11, and the ground-
ed metal plate 10. In addition, if the lightning strikes the
lightning rod 5, the lightning current is induced in the
ground successively through the in-nacelle lightning con-
ductor 13, in-tower lightning conductor 12, the grounding
lightning conductor 11, and the grounded metal plate 10.
[0027] Next, a fixing structure of the tip receptor to a
tip opening portion of the blade (blade body) 4 will be
described in detail with reference to Figs. 3 to 13.
[0028] AsillustratedinFig. 3, thetipreceptorQincludes
a portion (blade outer portion 9a) that is positioned on an
outside of a blade tip opening portion and a portion (blade
inner portion 9b) thatis inserted into an inside of the blade
tip opening portion. In addition, an opening in the blade
tip portion is a circular shape opening that is formed in
the blade tip by combining two blade surfaces (back-side
surface and a front-side surface) having half-divided
shapes.

[0029] The blade inner portion 9b of the tip receptor 9
is configured to have a portion of which the size is greater
than the size of the blade tip opening portion in a width
direction (right and left direction in Fig. 3) or a thickness
direction (direction substantially intersecting a vertical to
apapersurface of Fig. 3). Thus, a so-called locking struc-
ture is configured by the shapes of the tip receptor and
the blade tip opening portion. In other words, in the lock-
ing structure in compliance with the shapes of the tip
receptor and the blade tip opening portion, a relationship
between the shape of the tip opening portion of the blade
4 and the shape of the blade inner portion 9b of the tip
receptor 9 is a relationship where a region in which an
inner wall portion of the tip opening portion of the blade
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4 and the blade inner portion 9b of the tip receptor 9 are
overlapped when viewed from the vertical direction, on
a plane surface of the tip opening portion of the blade 4
in a state where the blade inner portion 9b of the tip re-
ceptor 9 is mounted on the tip opening portion of the
blade 4.

[0030] Inthe example, the blade inner portion 9b of the
tip receptor 9 is configured such that the size in the thick-
ness direction (direction substantially intersecting the
vertical to the paper surface of Fig. 3) is greater than that
of the blade tip opening portion (see Figs. 4 and 6 to 11).
[0031] Moreover, in WO 2013/084634 A1, in a region
in which the fiber-reinforced plastic and the metal recep-
tor are overlapped, the metal receptor has a region of
which a thickness (distance from a surface of a first con-
cave section on a suction surface side to a surface of the
first concave section on a pressure surface side) in the
first concave section is greater than the interval (from a
contact surface of the fiber-reinforcedplastic with the met-
al receptor on the suction surface side to a contact sur-
face of the pressure surface side with the metal receptor)
in a tip of the fiber-reinforced plastic, but the configuration
of the invention is not suggested. In WO 2013/084634
A1, the metal receptor is also configured to separate a
suction-side portion and a pressure-side portion having
half-divided shapes into two portions. Furthermore, in
WO 2013/084634 A1, in the first concave section of the
metal receptor, the fiber-reinforced plastic is positioned
so as to cause only the first concave section of the metal
receptor to be interposed between two plates thereof on
the suction surface side and the pressure surface side,
and does not form the blade tip opening portion. Thus,
in the configuration of WO 2013/084634 A1, if a bolt fas-
tening the fiber-reinforced plastic and the metal receptor
are damaged due to the lightning strike, the metal recep-
tor may be separated from the fiber-reinforced plastic
due to rotation or vibration of the vane and it is not said
that the locking structure is configured by the shapes of
the metal receptor and the fiber-reinforced plastic.
[0032] In the example, in addition to the above-de-
scribed locking structure, the tip portion of the blade 4
and the blade inner portion 9b of the tip receptor 9 are
fastened together by using a fastening unit 20 configured
of a bolt and the like. A plurality (two in the example) of
the fastening units 20 are mounted in a width direction
of the blade, side by side. Details of the fastening unit 20
will be described with reference to Figs. 4 to 11.

[0033] Inaddition,adrainhole 15isformedonanupper
surface of the blade 4 on the tip portion side. The drain
hole 15 is intended to ensure that water does not accu-
mulate on the inside of the blade in order to prevent an
increase of internal pressure due to lightning. Water is
drained from the drain hole 15 by a centrifugal force dur-
ing rotation of the blade 4.

[0034] The receptor may be melted by heat when re-
ceiving lightning. Thus, a material or a size capable of
maintaining sufficient performance is selected in consid-
eration of the temperature increase by heat. In the ex-
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ample, the tip receptor 9 is a solid receptor, a volume is
increased, and the tip receptor 9 is configured by using
aluminum, copper, or brass having high conductivity.
Moreover, the solid receptor is a receptor having no
space portion other than a hole for mounting the fastening
unit such as the bolt, a hole that is formed for mounting
the internal conductor, or the like, and more particularly,
in the example, a receptor having no cavity within the
blade outer portion 9a of the tip receptor 9 is referred to
as the solid receptor. The solid receptor has features of
easily collecting electrons, causes the lightning to strike
the tip receptor 9, and has a high effect of preventing the
lightning from striking blades other than the receptor. In
addition, it is preferable that the receptor has as much
strength as possible and it is preferable that the receptor
is configured as the solid receptor to reduce the risk of a
vacant hole without having to be dissolved when receiv-
ing the lightning strike. Furthermore, as described below,
it is possible to increase heat capacity by making the
blade inner portion 9b solid. Thus, it is possible to sup-
press a rapid increase in temperature on the inside of
the receptor due to lightning.

[0035] As illustrated in Fig. 4, the blade inner portion
9b of the tip receptor 9 has a spread in a direction toward
a base from the blade body tip side and has an abutting
surface coming into contact with an inner wall surface of
the tip opening portion of the blade 4. The abutting sur-
face referred in here refers a surface on which the inner
wall surface of the blade and an outer wall surface of the
tip receptor come into close contact with each other. The
abutting surface regulates a movement of the blade tip
opening portion to the outside (left side in the view) by
the inner wall surface of the tip opening portion of the
blade 4 and suppresses scattering of the tip receptor 9
from the blade 4. That is, it has a structure in which the
tip receptor is not pulled out from the blade tip opening
portion as long as a cross section of the blade is not
opened.

[0036] Furthermore, adhesive 26 is applied between
the abutting surface of the blade inner portion 9b of the
tip receptor 9 and the inner wall surface of the tip opening
portion of the blade 4. The adhesive 26 is provided to
reliably fix the blade inner portion 9b of the tip receptor
9 to the inner wall surface of the tip opening portion of
the blade 4. An adhering surface has an area of substan-
tially a half of a tip receptor plane and it is preferable that
the adhering surface is fixed by an adhesion force to with-
stand sufficiently the centrifugal force applied to the tip
receptor. Itis preferable that the additive material referred
in here is epoxy resin adhesive using the same epoxy
resin as the resin configuring FRP, but other adhesives
having a similar adhesion force may be used.

[0037] The inner wall surface of the tip opening portion
of the blade 4 and the surface of the blade inner portion
9b of the tip receptor 9 may also have a roughness which
can generate a frictional force between the blade and the
tip receptor. Thatis, the surface of the blade inner portion
9b is roughened more than the surface of the blade outer
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portion 9a of the tip receptor 9, the inner wall surface of
the tip opening portion of the blade 4 is roughened more
than the inner wall surface of the blade of other portions,
or both the surface of the blade inner portion 9b and the
inner wall surface of the tip opening portion of the blade
4 are roughened more than the surface of the blade outer
portion 9a or the inner wall surface of the blade of other
portions. Thus, a binding force of the blade with respect
tothe tipreceptorisimproved. As aresult, the force which
separates the surface on which the tip receptor is ad-
hered to the blade by the centrifugal force is weakened,
and it is possible to effectively suppress detachment of
the tip receptor.

[0038] Then,inthe example, the tip portion of the blade
4 and the blade inner portion 9b of the tip receptor 9 are
fastened together by using the fastening unit 20.

[0039] As illustrated in Fig. 5, the fastening unit 20 is
configured of a tubular through bolt seat 20a and a bolt
20b that is inserted into the through bolt seat 20a. The
bolt 20b is longer than the through bolt seat 20a and the
through bolt seat 20a is also referred to as a tubular wash-
er. Such a configuration is provided so as not to retain
heat within the fastening unit by increasing the volume
of the fastening unit 20. Since it is possible to increase
the heat capacity by increasing the volume of the fasten-
ing unit 20, if the lightning strikes the fastening unit 20,
itis possible to suppress a rapid increase in temperature
on the inside of the fastening unit. In addition, as de-
scribed below, if the fastening unit 20 is made of alumi-
num, since aluminumhas excellent conductivity, it is pos-
sible to reduce heating on the inside by a current due to
the lightning strike. Furthermore, since aluminum is also
excellent in thermal conductivity, it is also possible to
quickly disperse heat that is transferred to the inside of
the fastening unit due to the lightning strike or heat that
is generated on the inside of the fastening unit.

[0040] If the fastening unit is configured only by the
bolt, it is necessary to increase an outer diameter of the
bolt, but it takes cost to form such a large bolt. Then, in
the example, a large diameter of the fastening unit 20
and a small diameter of the bolt 20b are realized by con-
figuring the fastening unit 20 with the through bolt seat
20a and the bolt 20b. The fastening unit can be applied
to applications other than the wind turbine blade of the
invention and it is possible to expect a suppressing effect
of falling of the head portion of the bolt due to the lightning
strike to the head portion of the bolt.

[0041] Inthe example, for example, the outer diameter
of the through bolt seat 20a is 30 mm and the diameter
of the bolt 20b is approximately 10 mm. Moreover, in the
invention, since the fastening unit 20 is an auxiliary fixing
unit of the tip receptor, there is no problem even if the
bolt 20b has a small diameter different from using the
bolt as a main fixing unit of the tip receptor as described
in WO 2013/084634 A1.

[0042] The fastening unit 20 may be used to fix the
blade 4 and the tip receptor. In addition, the fastening
unit 20 may cause corrosion if the fastening unit 20 is a
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type different from the tip receptor. Thus, it is preferable
that the fastening unit 20 is formed by the same material
as the tip receptor. If the tip receptor is configured of an
aluminum material, it is conceivable that an outside com-
ing into contact with the tip receptor is configured of the
aluminummaterial and an inside is configured of a stain-
less steel material. If the fastening unit 20 is configured
of the through bolt seat 20a and the bolt 20b, it is con-
ceivable that an entirety of the through bolt seat 20a is
configured of aluminum, a core of the bolt 20b is config-
ured of the stainless steelmaterial, and the corematerial
is covered by aluminum. According to the configuration,
it is possible to realize a light fastening unit 20 having
high strength, to reduce the centrifugal force of the fas-
tening unit 20 when the blade is rotated, to reduce a load
to the blade, and to reduce a risk of deterioration of the
fastening unit 20.

[0043] In addition, a head portion of the through bolt
seat 20a is formed in a dish shape and the head portion
of the bolt 20b is also formed in the dish shape. A dish-
shaped counterbore is formed so that an inner wall por-
tion of the head portion of the through bolt seat 20a comes
into close contact with the head portion of the bolt 20b.
Itis possible to configure the head portion of the bolt 20b
to be not protrude to the outside and to expect that the
lightning prevents the head portion of the bolt from strik-
ing by configuring the fastening unit 20 as described
above. Then, the head portion of the bolt can come into
close contact with the through bolt seat on a wide contact
surface by the dish-shaped head portion of the bolt 20b
and the dish-shaped counterbore surface of the through
bolt seat 20a. Thus, even if the lightning strikes the head
portion of the bolt, it is possible to transfer heat due to
the lightning strike to the through bolt seat 20a via the
wide contact surface. Thus, it is possible to effectively
suppress separation of the head of the bolt. Similarly, a
counterbore is formed on one surface 4a of the blade 4
so as to come into close contact with the head portion of
the through bolt seat 20a. A hole into which a straight
portion of the through bolt seat 20a is inserted and a
female thread portion screwing with a screw portion of
the bolt 20b are formed in the blade inner portion 9b of
the tip receptor 9. The inner wall portion of the head por-
tion of the through bolt seat 20a or the counterbore
formedin the blade 4 is the dish shape, but may be tubular
and is not limited to the dish shape. However, it is pref-
erable to be formed in the dish shape in terms of improve-
ment of close contact with the head portion of the bolt
and the like, or the increase in the contact area. In addi-
tion, the head portion of the fastening unit 20 (through
bolt seat 20a) comes into close contact with the surface
of the blade and, as a result, the load to the blade is
reduced and it is possible to suppress deterioration of
the blade.

[0044] Inthe example illustrated in Fig. 4, the fastening
unit 20 is mounted on the one surface 4a of the blade 4,
but the fastening unit 20 may be mounted on the other
surface 4b, or the fastening units 20 may be mounted on
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both the one surface 4a and the other surface 4b. In a
case where the fastening units 20 are provided on both
sides, abnormality occurs in the additive material of the
blade and the tip receptor, and even if the upper surface
and the lower surface are deviated, the blade and the tip
receptor are reliably fixed by the both fastening units and
it is possible to effectively suppress that the tip receptor
9 is removed from the tip opening portion of the blade 4.
[0045] In addition, a position of the fastening unit 20 is
not an end portion that is an edge of the blade or the tip
receptor, but is provided on an inside thereof. This is
because a fastening force of the fastening unit 20 with
respect to a member to be fastened acts on the blade or
the tip receptor and there is a risk of damage such as
cracks to the blade or the tip receptor.

[0046] As illustrated in Fig. 6, the in-blade lightning
conductor 24 that is a part of the internal conductor is
fastened the blade inner portion 9b of the tip receptor 9
by a bolt 21. A terminal 22 is mounted on the in-blade
lightning conductor 24 and the terminal 22 is fixed to the
blade inner portion 9b of the tip receptor 9 by using the
bolt 21. In the example, a conductor made of aluminum
is used as the internal conductor. Although aluminum
has electric conductivity lower than that of copper, alu-
minum is a structural lightweight material that is also used
for a main structural material. Thus, even if aluminum
has a large diameter in order to ensure the same con-
ductivity as copper, since aluminum is a light material, a
weight of the wind turbine blade is not increased. Rather
coupled with the large diameter, it is possible to make
the internal conductor having the strength sufficiently
withstand the centrifugal force acting on the tip receptor
9 that is the solid receptor. In the example, the in-blade
lightning conductor 24 that is the internal conductor is
integrally formed, but may be two portions. It is also pos-
sible to easily correspond lightning of which a current
duration time is long and a charge amount is great, and
to effectively suppress scattering of the tip receptor 9 by
the internal conductor by making the in-blade lightning
conductor 14 be two portions.

[0047] After the tip receptor 9 is mounted on the tip
opening portion of the blade 4 by the fastening unit 20,
asillustratedin Fig. 7, itis preferable that the head portion
of the fastening unit 20 (the through bolt seat 20a) is
removed and polished, the head portion of the fastening
unit 20 does not protrude from the surface of the blade,
and then the surface of the blade tip portion is smoothly
formed. Thus, it is possible to expect that the lightning
directly striking the fastening unit is reduced without dis-
turbing a flow of airin the blade tip. Itis possible to expect
efficiency improvement or a noise prevention effect of
the wind turbine by suppressing the flow of airin the blade
tip. Moreover, when mounting the fastening unit 20 on
the blade, the counterbore of the through bolt seat 20a
or the head portion of the bolt 20b is configured such that
the head portion of the bolt 20b does not protrude to the
outside more than the blade surface. Thus, the head por-
tion of the bolt 20b cannot be removed and it is possible
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to prevent reduction of the strength of the head portion
of the bolt. In this regard, it is preferable that it is applied
equally to the following examples.

[0048] Fig. 8illustrates another example employing the
solid receptor. In the example, a fastening unit 200 is
configured of a through bolt seat 200a, a bolt 200b, and
a nut 200c. A fastening force is added by the fastening
unit 200 from both one surface 4a and the other surface
4b to a blade inner portion 9b of a tip receptor 9 and a
blade tip portion. The nut 200c is configured as a cap nut
and into which the bolt 200b is screwed. A head portion
(portion coming into contact with the blade tip) of the nut
200c is also formed in the dish shape similar to the
through bolt seat 200a and a dish-shaped counterbore
is formed in the blade tip.

[0049] In the example, the through bolt seat 200a, the
bolt 200b (core is configured of stainless steel material
if necessary), and the nut 200c are configured of alumi-
num. The through bolt seat 200a, the bolt 200b, and the
nut 200c are connected, and thereby spark is not gener-
ated between the through bolt seat 200a, the bolt 200b,
and the nut 200c.

[0050] Moreover, inthe example described above, the
fastening unit applies the fastening force from both sides
in the blade tip to the blade inner portion 9b of the tip
receptor 9 and the blade tip portion by using the nut 200c.
However, a female screw through which the bolt 200b is
screwed may be formed in the blade tip portion on a side
opposite to a side on which the blade inner portion 9b of
the tip receptor 9, the through bolt seat 200a, and the
bolt 200b come into contact with each other by omitting
the nut 200c.

[0051] In the example, it is possible to expect the fol-
lowing effects by configuring receptor as the solid recep-
tor as described above. That is, it is possible to make
receptor to be a light weight by configuring receptor with
aluminum. Thus, it is possible to configure the solid re-
ceptor to be a receptor of a great volume (for example,
approximately 300 cc) so as to also withstand lightning
of, for example, a level of 1,500 Coulombs. That s, it is
possible to increase in the heat capacity by configuring
the receptor to be a great the volume. Thus, itis possible
to suppress a rapid increase in a temperature on the in-
side of the receptor due to the lightning strike. In addition,
since aluminum configuring the receptor is also excellent
in conductivity, it is possible to also reduce internal heat-
ing by the current due to the lightning strike. Furthermore,
since aluminum configuring the receptor is also excellent
in the thermal conductivity, it is possible to quickly dis-
perse heat transferred to the inside of the receptor due
to the lightning strike or heat generated on the inside of
the receptor. Thus, itis possible to configure the receptor
also withstanding the lightning strike of the level of, for
example, 1, 500 Coulombs. Then, it is possible to hold
the tip receptor in the blade tip opening portion without
scattering of the tip receptor even when receiving the
lightning strike by configuring the tip receptor as the solid
receptor and employing a fixing method of the tip receptor
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of the invention. Then, it is possible to guide the current
due to the lightning strike without fault and, for example,
itis possible to realize a lightning device of the blade also
withstanding the lightning strike of the level of, for exam-
ple, 1, 500 Coulombs by using an aluminum conductor
having a large diameter (approximately ¢ 18 mm) as the
internal conductor.

[0052] As described above, as measures of lightning
having large energyj, it is particularly preferable that the
solid receptor is employed. However, the principle of the
invention can be applied to a hollow receptor. Examples
in which the invention is applied to the hollow receptor
are illustrated in Figs. 9 to 11.

[0053] The exampleisthe same as the examples illus-
trated in Figs. 4 and 6 except that a hollow tip receptor
9’ (blade outer portion 9a’ and a blade inner portion 9b’)
is used and two types of a fastening unit 20’ and a fas-
tening unit 20" are used as a fastening unit. The descrip-
tion of the same configuration will be omitted. The fas-
tening units 20’ and 20" are respectively configured of a
through bolt seat 20a’ and a bolt 20b’, and a through bolt
seat 20a” and a bolt 20b”. In the example, the fastening
unit 20’ is mounted on a surface 4a side of the blade 4
and the fastening unit 20” is mounted on a surface 4b
side of the blade 4. Both the fastening unit 20’ and the
fastening unit 20’ * are provided so as to pass through
the blade and the tip receptor. Then, the bolt 20b’ of the
fastening unit 20’ and a tip of the bolt 20b” of the fastening
unit 20” are configured to be screwed together. Also in
the example, it is possible to effectively suppress scat-
tering of the tip receptor from the blade tip opening portion
by simultaneously using the fastening unit that is the aux-
iliary fixing unit of the tip receptor and the locking struc-
ture. Moreover, in the example, the fastening units 20’
and 20" pass through the blade from both sides in the
thickness direction of the blade, the bolts 20b’ and 20b”
of the fastening units 20’ and 20” are connected, and
thereby spark is not generated.

[0054] Inthe examplesillustratedin Figs. 9 and 10, the
blade inner portion 9b’ of the hollow tip receptor 9’ is
formed in a plate shape, and the fastening units 20’ and
20" do not come into contact with the blade inner portion
9b’ except a part thereof in a length direction. Thus, the
fastening units 20’ and 20" cannot disperse and hold the
centrifugal force acting on the tip receptor 9'. Itis prefer-
able that a portion of the blade inner portion of the tip
receptor, on which the fastening unit is mounted, is con-
figured in a block shape without making the portion be a
plate shape so as to substantially cover an entirety there-
of in the longitudinal direction of the fastening unit. Thus,
it is possible to disperse and hold the centrifugal force
acting on the tip receptor 9’ in the fastening unit.

[0055] The configuration is illustrated in Fig. 11. As il-
lustrated in Fig. 11, a part 9¢” of a blade inner portion
9b” of a hollow tip receptor 9" is formed in a block shape
so as to substantially cover an entirety the fastening unit
20 in the length direction thereof and the fastening unit
20 is mounted on the portion of the block shape. A contact
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length of the fastening unit 20 (through bolt seat 20a) and
the blade inner portion 9b” of the tip receptor 9” is in-
creased by such a configuration and it is possible to dis-
perse and hold the centrifugal force acting on the tip re-
ceptor 9” by the fastening unit 20. Thus, the centrifugal
force applied to the locking structure or the adhesive 26
is reduced and it is possible to expect that deterioration
thereof is effectively suppressed.

[0056] Fig. 12 illustrates a schematic view of a state
where one surface 4a of the blade 4 is removed. In Fig.
12, illustration of the adhesive on the blade inner portion
9b of the tip receptor 9 is omitted and the head portion
of the bolt is additionally described so as to easily rec-
ognize the position of the fastening unit 20 and the like.
[0057] In the example illustrated in Fig. 12, the blade
inner portion 9b of the tip receptor 9 is formed such that
a width thereof is widened toward a base side of the
blade. The adhesive 26 substantially defines the width
of the blade tip opening portion after the adhesive 26 is
cured by filling with the adhesive. 26 such as epoxy resin
adhesive. Thus, itis also possible to structurally suppress
that the blade inner portion 9b of the tip receptor 9 is
removed from the blade tip opening portion by the cured
adhesive 26. However, it is conceivable that a portion
which is not filled with the adhesive 26 may occur, the
tip opening portion of the blade 4 is defined by the hull
of the blade 4 and it is preferable that removal of the
blade inner portion 9b of the tip receptor 9 from the blade
tip opening portion is structurally suppressed in a rela-
tionship therebetween.

[0058] In addition, in the example illustrated in Fig. 12,
an in-blade lightning conductor (internal conductor) 24 is
mounted on a main girder 28 inserted on an inside of the
blade via a fixing member 27. The fixing member 27 is
fixed to the main girder 28 by the bolt and the like, and
the in-blade lightning conductor (internal conductor) 24
is fixed to the fixing member 27. As described above, if
aluminum conductor is used as the internal conductor, it
is possible to improve a scattering prevention effect of
the tip receptor. Particularly, the aluminum conductor is
formed by a rigid body and is formed so as not to stretch.
Furthermore, as illustrated in Fig. 12, if the in-blade light-
ning conductor (internal conductor) 24 connected to the
tip receptor 9 via a terminal 22 is fixed to the near fixing
member 27, the in-blade lightning conductor (internal
conductor) 24 is easily fixed to the fixing member 27 in
a state where the aluminum conductor connected to the
tip receptor 9 is stretched. As a result, the centrifugal
force acting on the tip receptor 9 is easily shared, a force
applied to the locking structure or the adhesive due to
the centrifugal force acting on the tip receptor 9 can be
reduced, and it is also possible to expect that deteriora-
tion of the locking structure or the adhesive is sup-
pressed.

[0059] In addition, in the example illustrated in Fig. 12,
the main girder 28 and the blade inner portion 9b of the
tip receptor are connected by using a traction rope 29.
Thus, itis possible to further effectively suppress removal
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of the tip receptor 9 from the blade tip opening portion.
[0060] Fig. 13 is a modification example of Fig. 12 and
in the modification example, a tip receptor 9 has a semi-
circular shape. Also in such a shape, after adhesive 26
is cured, the adhesive 26 substantially defines a width of
the tip opening portion of the blade. Thus, it is possible
to structurally suppress that the blade inner portion 9b of
the tip receptor 9 is removed from the blade tip opening
portion by the cured adhesive 26.

[0061] Moreover, the invention is not limited to the
above-described embodiments and includes various
modifications . For example, the above-described em-
bodiments are described in detail to clarify and explain
the invention, and are not intended to be necessarily lim-
ited to the entire configurations described above. In ad-
dition, it is possible to replace a part of the configuration
of an embodiment to the configuration of another embod-
iment and to add the configuration of an example to the
configuration of another example. In addition, it is possi-
ble to add, delete, and replace another configuration to
a part of the configuration of each example.

[0062] Forexample,itis also possible to expect certain
effects in a wind power generation apparatus of an up-
wind type on which a rotor is positioned on an upstream
of a nacelle and the wind power generation apparatus is
included in the scope of assumption of the invention. In
addition, the through bolt seat 20a is not essential in the
fastening unit 20 and it is possible to achieve the same
effects as long as the bolt 20b fixes the blade and the tip
receptor. For example, a rod-shape member is used in-
stead of the bolt 20b and the blade and the tip receptor
may be fixed by pressing the rod-shaped member or us-
ing adhesive.

Claims
1. A wind power generation apparatus comprising:

a wind turbine blade that has a blade body and
a receptor mounted on a blade body tip,
wherein the receptorincludes asolid blade outer
portion that is positioned on an outside of the
blade body tip opening portion and a blade inner
portion that is positioned on an inside of the tip
opening portion,

wherein the blade inner portion includes a por-
tion of which a size in a width direction or a thick-
ness direction is greater than a size of an inner
wall of the blade tip opening portion in the width
direction or the thickness direction,

wherein an internal conductor that is connected
to the receptor is provided on the inside of the
blade tip opening portion,

wherein a fastening unit that fastens the blade
inner portion and the blade body is provided, and
wherein a portion of the blade inner portion of
the receptor on which the fastening unit is
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mounted is formed in a block shape so as to
cover the fastening unit in a length direction.

The wind power generation apparatus according to
claim 1,
wherein the blade inner portion is solid.

The wind power generation apparatus according to
claim 1 or 2,

wherein the blade tip opening portion is formed in a
circular shape in the blade body tip and the blade
innerportion of the receptoris positioned on aninside
of the blade tip opening portion of the circular shape.

The wind power generation apparatus according to
any one of claims 1 to 3,

wherein the blade inner portion of the receptor is
formed to have a spread in a direction toward a base
from the blade body tip, and

an inner wall of the blade body tip opening portion
is formed so as to come into close contact with the
blade inner portion of the receptor.

The wind power generation apparatus according to
any one of claims 1 to 4,

wherein a portion between the blade inner portion
and an inner wall surface of the blade tip opening
portion is filled with adhesive.

The wind power generation apparatus according to
any one of claims 1 to 5,

wherein a head portion of the fastening member is
configured such that a portion coming into contact
with the blade body is formed in a dish shape, and
wherein a counterbore is formed in the blade body
in a portion coming into contact with the head portion
of the fastening unit in a dish shape.

The windpower generation apparatus according to
claim 6,

wherein the head portion of the fastening unit is
formed so as not to protrude from a surface of the
blade body.

The wind power generation apparatus according to
any one of claims 1to 7,

wherein the fastening unit is mounted on the blade
inner portion of the receptor from both sides of a
back-side surface and a front-side surface of the
blade tip portion.

The wind power generation apparatus according to
claim 8,

wherein the fastening units that are mounted on the
blade inner portion of the receptor from both of the
back-side surface and the front-side surface of the
blade tip portion are fastened together in the blade
inner portion of the receptor.
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10

10.

1.

12.

13.

14.

The wind power generation apparatus according to
any one of claims 1t0 9,

wherein the fastening unit is configured of a tubular
through bolt seat that is housed in a hole formed in
the blade body and the blade inner portion of the
receptor, and a bolt that is inserted into the through
bolt seat.

The wind power generation apparatus according to
claim 10,

wherein a head portion of the bolt is formed in a dish
shape, and

wherein a counterbore is formed in a portion of the
through bolt seat that comes into contact with the
head portion of the bolt in a dish shape.

The wind power generation apparatus according to
any one of claims 1 to 11,

wherein the receptor is configured of aluminum and
the fastening unit is configured such that a portion
coming into contact with the blade inner portion of
the receptor is formed of at least aluminum.

The wind power generation apparatus according to
any one of claims 1 to 12,

wherein the internal conductor is configured of an
aluminum conductor.

The wind power generation apparatus according to
any one of claims 1 to 13,

wherein the receptor is connected to a grounding
electrode via the internal conductor.
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